Conventional charge-based memory will face the charge (data) loss problem when the feature size continues scaling down because of the number of stored electrons is decrease with feature size. Thus, new memory technology is necessary to develop for future application. Resistive RAM (RRAM) is one of the most promising candidates due to the simple structure (metal-insulator-metal, MIM), high density, and low power consumption [1, 2]. Recently, flexible electronic attracts much attention and it will be the next generation and important technology [3, 4]. In addition, the uniformity of resistance state of flexible RRAM will be degraded after long term switching or bending test. Thus, some improvements on the resistance switching such as thin metal insertion into the dielectric (switching layer) can improve the performance [5] . It is due to shortening the distance of conductive filament between metals [5, 6]. Additionally, little study on the effects of various thin metal insertions on the switching layer. In this work, thin Zr, Ti or Zn metal is inserted into the ZnO oxide layer to investigate the characteristics of ZnO/thin-metal/ZnO RRAM deposited on flexible PEN substrate. The bending test and the switching mechanism are also investigated.
thin meal insertion reveals more deeper oxide traps conduction in the stack film. Fig. 6 shows the endurance of each sample. Endurance cycle of Zr insertion sample is 67 with the smallest resistance ratio of HRS/LRS. The Ti insertion sample reveals 83 switching cycles with medium resistance ratio. The largest resistance ratio and switching cycles (959) are observed on Zn insertion sample. Thus, the Zn insertion sample reveals the superior switching cycle. Fig. 7 shows cumulative distribution function (CDF) of LRS and HRS for the Zr, Ti, and Zn insertion samples. In comparison with the previous result [11], the resistance state is more stable on multi-layer structure. Fig. 8 and 9 show the retention characteristics of RRAM without and with 0.1V constant voltage stress, respectively. The retention shows without degradation for all samples, and it can pass 10 years of lifetime projection. Fig.10 and 11 show the box plot of the set/reset voltages and LRS/HRS, respectively. More stable resistance and small resistance ratio are observed on Zr insertion sample, but the resistance ratio is the largest for the Zn thin metal insertion sample. The characteristic of bending test of the flexible RRAM is measured by the homemade instrument, as shown in Fig. 12 . The LRS without obvious variation, but for HRS with periodic variation on Zn and Zr insertion samples after 1000 times bending (tensile bending). The HRS variation of Zn metal inserted RRAM after bending test shows better characteristic. It indicates that Zn insertion sample possess stable mechanical endurance on bending test (tensile bending). Fig. 13 shows the proposed schematic of switching mechanism model according from the results of SEM (Fig.3) and the single-oxide-layer RRAM with much branches filaments [12, 13] . Due to the amount of the smaller grain size in Zr insertion are larger, results in the larger leakage current and smaller resistance ratio. In the other hand, larger grain size of ZnO is observed on the thin Zn metal insertion sample, leads to the less conducting paths, smaller leakage current (HRS) and larger resistance ratio. In addition, it suggests that the filament is easily formed and ruptured in the Zn insertion sample. Thus, the switching cycle of the Zn insertion RRAM is larger than that of Zr (or Ti) insertion one.
Conclusions
This work investigates the effects of Zr, Ti, and Zn metals inserted into the ZnO oxide for Al/ZnO/metal/ZnO/Al/PEN flexible RRAM. A large resistance ratio and low power consumption are observed on the Zn inserted ZnO RRAM, and the switching cycle is up to 959 times. For the flexible bending test, the ZnO RRAM with thin Zn metal insertion reveals superior bending times (tensile bending) up to 1000 times. 
